ABSTRACT. We conducted a study to investigate the association between ERCC1 (rs3212986) and ERCC2 (rs13181) gene polymorphisms and the risk of pancreatic cancer in a Chinese population. A total of 217 pancreatic cancer patients and 244 control subjects were recruited from the Nuclear Industry 215 Hospital of Shaanxi Province between February 2013 and December 2014. Genomic DNA was extracted from peripheral blood samples using a TIANamp Blood DNA Kit (Tiangen, Beijing, China) according to the manufacturer's instructions. The ERCC1 rs3212986 and ERCC2 rs13181 polymorphisms were genotyped by polymerase chain reaction-restriction fragment length of polymorphism. Unconditional logistic regression analyses showed that subjects with the CC genotype of ERCC1 rs3212986 were susceptible to the development of pancreatic cancer when compared with subjects with the AA genotype (OR = 2.57, 95%CI = 1.34-5.02). The ERCC1 rs3212986 gene polymorphism was associated with increased risk of pancreatic cancer in the dominant (OR = 1.54, 95%CI = 1.05-2.28) and recessive (OR = 2.22, 95%CI = 1.20-4.19) models. However, no significant difference was found between the ERCC2 rs13181 polymorphism and the risk of pancreatic cancer in the codominant, dominant, and recessive models. We suggest that the ERCC1 rs3212986 polymorphism increases susceptibility to pancreatic cancer in the codominant, dominant, and recessive models, although further studies are needed to confirm our findings.
INTRODUCTION
Pancreatic cancer is the fourth most common cause of cancer death in the world (Jemal et al., 2011; IARC, 2012) . The actual mechanisms underlying the occurrence of pancreatic cancer are largely unknown. The pathogenesis of pancreatic cancer involves many environmental and genetic factors, and it is reported that environmental chemicals exposure, heavy metals, and obesity contribute to the susceptibility of pancreatic cancer (Antwi et al., 2015; Kim and Ahuja, 2015; Zheng et al., 2015) . Many studies have shown that genetic factors, such as E-cadherin gene, X-ray repair cross-complementing protein 4 gene, cyclooxygenase-2 gene, and DNA repair genes (Ding and Li, 2015; Shen et al., 2015; Wang et al., 2015; Zhao et al., 2015) .
DNA repair gene polymorphisms that can alter the function and efficiency of DNA repair process may contribute to risk of cancer development. Nucleotide excision repair (NER) is a key DNA repair mechanisms that can influence gene-gene rearrangement, translocation, amplification, and deletion (Berwick and Vineis, 2000; Shields and Harris, 2000) . Excision repair cross complementation group 1 (ERCC1) and ERCC2 are DNA repair genes with the chromosomal locus 19q13.3; the proteins they encode play an important role in NER (Smith et al., 2000) . Currently, few studies have reported the relationship of ERCC1 (rs3212986) and ERCC2 (rs13181) with the development of pancreatic cancer (Jiao et al., 2007; Duell et al., 2008; McWilliams et al., 2008) . Therefore, we conducted an investigation of the association between ERCC1 (rs3212986) and ERCC2 (rs13181) gene polymorphisms and the risk of pancreatic cancer in a Chinese population.
MATERIAL AND METHODS

Patients
A total of 217 pancreatic cancer patients were recruited from the Nuclear Industry 215 Hospital of Shaanxi Province between February 2013 and December 2014. All the patients with pancreatic cancer were independently diagnosed by two pathologists. During the same time period, a total of 244 controls were selected from the clinics at the Nuclear Industry 215 Hospital of Shaanxi Province, and all the controls were free from cancer and infection diseases, or end-stage liver and kidney diseases. All participants signed informed consent before the study commenced. The protocol of our study was approved by the Ethics Committee of the Nuclear Industry 215 Hospital of Shaanxi Province.
After enrollment into the study, the demographic, lifestyle and clinical data for all the participants, including age, gender, tobacco smoking habits, alcohol consumption, body mass index (BMI), diabetes, and family history of cancer, were collected from the medical records.
DNA extraction and genotyping
Peripheral blood (5 mL) was obtained from each patient with pancreatic cancer and from the control subjects, and was stored in ethylenediaminetetraacetic acid tubes at -20°C until required. Genomic DNA was extracted from the peripheral blood samples using a TIANamp Blood DNA Kit (Tiangen, Beijing, China) according to the manufacturer instructions. The ERCC1 rs3212986 and ERCC2 rs13181 polymorphisms were genotyped by polymerase chain reactionrestriction fragment length of polymorphism (PCR-RFLP). The forward and reverse primers for ERCC1 rs3212986 were designed using the Sequenom Assay Design 3.1 software ( Table 1) . The forward and reverse primers for ERCC1 rs3212986 were for quality control; 10% of the samples were selected for duplicate testing, and the consistency was 100%. The PCR products were visualized by agarose gel electrophoresis and UV light. Table 1 . Polymerase chain reaction (PCR) primers for ERCC1 rs3212986 and ERCC2 rs13181, and fragment sizes.
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Statistical analysis
Continuous and categorical variables are reported as means ± standard deviation and N (%) of study participants. The demographic and lifestyle data for the patients with pancreatic cancer and the control subjects were compared using the chi-square test. A goodness-offit chi-square test was used to assess agreement with the Hardy-Weinberg equilibrium in genotype frequencies in the control subjects. Unconditional logistic regression was performed to assess the role of ERCC1 rs3212986 and ERCC2 rs13181 polymorphisms and the risk of acute pancreatitis, and odds ratios (ORs) and the corresponding 95% confidence intervals (95%CIs) were taken to estimate the results. The main homozygotes of ERCC1 rs3212986 and ERCC2 rs13181 were considered as the reference group. All P values were 2-sided, and P values less than 0.05 were regarded as statistically significant. All statistical analyses were conducted using version 16.0 of the SPSS ® statistical package for Windows ® (SPSS Inc., Chicago, IL, USA).
RESULTS
This study comprised 159 (73.27%) males and 58 (26.73%) females with pancreatic cancer, and 160 (65.57%) male and 84 (34.43%) female control subjects ( Table 2 ). The mean ages of pancreatic cancer patients and control subjects were 64.64 ± 11.53 and 65.65 ± 10.74 years, respectively. Using the chi-square test, there were significant differences in tobacco smoking (c 2 = 6.46, P = 0.01), alcohol consumption (c 2 = 5.10, P = 0.02), and BMI between the patients with pancreatic cancer and the controls. However, no significant differences were found in age (c 2 = 0.40, P = 0.53), gender (c 2 = 3.19, P = 0.07), diabetes (c 2 = 1.41, P = 0.24), and family history of cancer (c 2 = 2.95, P = 0.09).
The genotype distributions of ERCC1 rs3212986 were significantly different between the patients with pancreatic cancer and the control subjects (c 2 = 9.67, P = 0.01), but no significant difference was found in ERCC2 rs13181 (c 2 = 1.73, P = 0.01) ( Table 3) . Using the chi-square test, we found that the genotype distributions of ERCC1 rs3212986 and ERCC2 rs13181 agreed with the Hardy-Weinberg equilibrium in the patients with pancreatic cancer and the controls. Unconditional logistic regression analyses showed that subjects with the CC genotype of ERCC1 rs3212986 were susceptible to pancreatic cancer compared with those with the AA genotype (OR = 2.57, 95%CI = 1.34-5.02) (Table 4) . Moreover, the ERCC1 rs3212986 gene polymorphism was associated with increased risk of pancreatic cancer in the dominant (OR = 1.54, 95%CI = 1.05-2.28) and recessive (OR = 2.22, 95%CI = 1.20-4.19) models. However, no significant difference was found between the ERCC2 rs13181 polymorphism and the risk of pancreatic cancer in the codominant, dominant, and recessive models.
DISCUSSION
Recently, several studies have reported that SNPs in DNA repair genes, such as XRCC1, XRCC4, and MGMT, are associated with susceptibility to pancreatic cancer (Jiang et al., 2013; Schmitt et al., 2014; Shen et al., 2015) . We performed an investigation to assess the correlation between ERCC1 and ERCC2 gene polymorphisms and susceptibility to pancreatic cancer, and found that the ERCC1 rs3212986 polymorphism was associated with increased risk of pancreatic cancer in the codominant, dominant, and recessive models.
Previous epidemiologic studies have reported the ERCC1 rs3212986 polymorphism could influence the development of several kinds of cancers, such as lung cancer, colorectal cancer, breast cancer, and glioblastoma (Dong et al., 2014; Hou et al., 2014; Pei et al., 2014; Lee et al., 2015) . Dong et al. (2014) have reported that the ERCC1 rs3212986 genetic polymorphism may be involved in the development of glioblastoma in the Han Chinese population. Hou et al. (2014) carried out a casecontrol study in a Chinese population, and found a statistically significant association between ERCC1 rs3212986 genetic variation and risk of colorectal cancer. Pei et al. (2014) conducted a study comprised of 417 breast cancer patients and 417 cancer-free controls, and demonstrated a significant relationship between ERCC1 rs3212986 genetic polymorphism and breast cancer in a Chinese population. Therefore, genetic variations in ERCC1 could influence the susceptibility to cancers.
To date, the authors of only three studies have reported an association between ERCC1 and ERCC2 gene polymorphisms and the development of pancreatic cancer (Jiao et al., 2007; Duell et al., 2008; McWilliams et al., 2008) . McWilliams et al. (2008) conducted a case-control study with 481 patients and 625 controls, and found that an ERCC2 gene polymorphism was associated with an increased risk for pancreatic cancer. Jiao et al. (2007) reported that the ERCC2 rs13181 polymorphism could be associated with an increased risk for pancreatic cancer. Duell et al. (2008) also found that the ERCC2 rs13181 polymorphism could influence the development of pancreatic cancer. In our study, we found that the ERCC1 rs3212986 gene polymorphism was associated with the development of pancreatic cancer, but there was no association between ERCC2 rs13181 and the risk of this cancer. The results of our study are different from those previously reported. The discrepancies may be caused by differences in ethnicity, selection of controls, and sample sizes. There are two limitations in the present study. First, the study subjects were recruited from one single hospital in China, which may induce selection bias in this study. However, the genotype distributions of ERCC1 rs3212986 and ERCC2 rs13181 agreed with the Hardy-Weinberg equilibrium in both patients and controls, which suggests the study subjects have representative of the general population. Second, the sample size of this study is relatively small, which may reduce the statistical power to find differences in groups. Therefore, further studies with more sample size are expected to confirm our findings.
We suggest that the ERCC1 rs3212986 polymorphism increases susceptibility to pancreatic cancer in the codominant, dominant, and recessive models, although further studies are needed to confirm our findings.
